presence of free carboxyl group in edeine is not essential for its biological activity. The structures of edeines of both series have been ultimately established by total synthesis13,14).
Among the peptide antibiotics the edeines exhibit unique mechanisms of action. In bacteria at minimum inhibitory concentration they inhibit specifically and reversibly the synthesis of DNA15).
At higher concentrations they inhibit irreversibly the biosynthesis of protein16).
In eukaryotic microorganisms edeines inhibit only protein biosynthesis'". The ability to differentiate prokaryotic and eukaryotic microorganisms, based on differences in structure and functioning of the DNA replicating apparatus, is the most interesting biological property of edeines17). Nevertheless, the interaction of edeines with ribosomes, common to prokaryotic and eukaryotic organisms and resulting in the inhibition of protein biosynthesis, does not allow the practical use of these antibiotics as chemotherapeutic agents due to the high animal toxicity of these compounds (unpublished data).
In our studies on the structure-activity relationships of edeines, based on chemical modifications The esters of edeine A were synthesized by two ways. One of them was the esterification of edeine A sulphate in the presence of thionyl chloride in the appropriate alcohol").
Another method was based on the esterification of a derivative with properly protected amino groups. By the first method only the methyl and ethyl esters could be obtained, whereas the latter method was suitable for the synthesis of esters with higher alcohols as well. In the latter case the benzyloxycarbonyl protection of amino groups was applied. Pentabenzyloxycarbonyl edeine A was obtained by the method described by RZESZOTARSKA et al. 19 ). Esters of protected edeine A were synthesized by a classical method20).
Using these methods the methyl, ethyl, butyl and pentyl esters have been obtained.
The amides of edeine A were synthesized from pentabenzyloxycarbonyl edeine A by the azide method using the diphenylphosphoryl azide (DPPA) reagent21). The following derivatives were ob- The benzyloxycarbonyl groups were removed by hydrogenation in the presence of palladium in 80% formic acid22) and the t-butyloxycarbonyl group by the action of anhydrous formic acid23).
Edeine A used for the syntheses of the above derivatives was obtained and isolated in our laboratory as described previously2,3).
The esters and amides of edeine A were isolated and characterized as sulphates. Their antimicrobial DC-Alufolien Kieselgel60 GF254 in the solvent system: n-butanol -pyridine -acetic acidwater,* M erck 6:2:3:5.
* For the synth esis of this amide mono-t-butyloxycarbonyl-1,4-diaminobutane h as been used24).
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Experimental
Direct esterification. To the suspension of edeine A sulphate (0.98 g) in 70 ml of the appropriate alcohol (methanol or ethanol) 1.19 g of thionyl chloride were added with stirring and cooling. After refluxing for 40 hours the solution was evaporated under reduced pressure to a small volume and poured into a mixture of ethyl ether and acetone (1: 1, v/v). The resulting precipitate was centrifuged and dried under vacuum. The purity of the obtained esters was determined by TLC. The yield was 95%.
Pentabenzyloxycarbonyl edeine A. Edeine A sulphate (4.9 g) was dissolved in 80 ml of 5 % (w/v) NaHCO3 and treated with 100 ml of 7 % (w/v) O-benzyloxycarbonyl-8-hydroxyquinoline in dimethylformamide. The mixture was stirred at room temperature for one week. The reaction mixture was poured into 2 liters of 2 N hydrochloric acid with vigorous stirring. The resulting precipitate was separated, washed with water, dried and crystallized from methanol. The yield was 78 %. For analytical purposes the compound was recrystallized from methanol and dried over P2O5. M.p.: 199 -200°C.
Anal.: Calcd.: C 61.56, H 6.18, N 9.84 %. Found : C61.4, H6.3, N9.7%. Esters of pentabenzyloxycarbonyl edeine A. The pentabenzyloxycarbonyl edeine A (0.36 g) was suspended in 100 ml of the appropriate dry alcohol saturated with dry hydrogen chloride and stirred for 10 days. The esters were isolated by either of two ways. In case of esters of lower alcohols, the reaction mixture was poured into I liter of cold water. The reaction mixture with higher alcohols was poured into 750 ml of dry ethyl ether.
All precipitates obtained were washed with acetone and ethyl ether and crystallized from a mixture of acetone and methanol to give the following derivatives:
Methyl Removal of N-protecting groups (a) Benzyloxycarbonyl groups -0.15 mmole of protected compound was dissolved in 100 ml of 80% HCOOH, 30 mg of 10% palladium on carbon catalyst was added, and the mixture was stirred at room temperature for 6 hours in a hydrogen atmosphere. The catalyst was then removed by filtration and the filtrate was evaporated under reduced pressure to a small volume. The stoichiometric quantity of 1 N H2SO4 was added, and the solution was dropped into 20 ml of acetone. The precipitate was isolated by centrifugation and dried.
(b) t-Butyloxycarbonyl group -0.2 g of 4-Boc-aminobutyl amide of pentabenzyloxycarbonyl edeine A was dissolved in 10 ml of anhydrous HCOOH. After 30 minutes the solution was diluted with 80% HCOOH (90 ml) and the benzyloxycarbonyl groups were removed as described above.
Thin-layer Chromatography TLC on silica gel (Merck DC-Alufolien Kieselgel 60 GF254) was used for control of the reactions and purity of the products. The chromatograms of unprotected compounds were developed in the solvent system: butanol -pyridine -acetic acid -water, 6: 2: 3: 5 and protected compounds in the system: ethyl acetate -methanol -water, 20: 4: 3. The substances were visualized by UV light (compounds with benzyloxycarbonyl groups) or by spraying with ninhydrin reagent (compounds with free amino groups).
Biological Activity
Prokaryotic microorganisms (Escherichia coli K-12, Bacillus subtilis) and eukaryotic microorganism (Saccharomyces cerevisiae ATCC 9763) were used as the test organisms for determining the biological activity of esters and amides of edeine A.
As measure for the activity we have used the concentration of compound causing 50% inhibition of microbial growth (IC,,) determined by the turbidimetric method. Cells were grown on liquid media: bacteria on Sensitive Test Medium (Difco) at 37°C, pH 7.2; yeast on medium containing 1 % BactoPepton (Difco), 2 % glucose, and 0.5 % NaCl at 29°C, pH 6.8. The density of cell suspensions was determined on Specol Zeiss-Jena at 660 nm after 18 hours incubation for bacteria and after 20 hours for yeast.
Conclusions
Presented in this paper are methods for the synthesis of esters and amides of edeine A providing the various derivatives in satisfactory yields.
As shown in Table 1 , the esters and amides of edeine A exhibit antimicrobial activity similar to the activity of the parent antibiotic, indicating that the presence of a free carboxyl group in edeine A is not essential for its biological activity.
The polycationic character of the edeine A molecule would suggest that the biological activity of the antibiotic can be influenced by different agents due to the influence on the ionization state.
It was found that the IC50 for Saccharomyces cerevisiae ATCC 9763 when determined on a medium of pH 5.6-5.8 was 4-6 times higher than at pH 6.817
A similar effect was observed for amides of edeine A which have additional functional ionizing groups (e.g. compounds No. 8, 9, 10, 
